Objective: To evaluate the continuous metabolic syndrome score (cMetS) in Indian children and to investigate its relationship with the risk of carotid arterial stiffness. Methods: Data on weight, height, mean arterial pressure, serum lipids, insulin, glucose, carotid intima-media thickness and stiffness parameters, that is, pulse wave velocity (PWV), elasticity modulus (Ep), stiffness index (b) and arterial compliance (AC), were assessed in 236 children (6-17 years) from Pune city, India. cMetS was computed using standardized Z-scores for metabolic syndrome (MS) components. cMetS cutoff was obtained by receiver operating characteristic curve analysis across MS components. Results: cMetS was lowest (À3.6 ± 2.0) in normal children and highest (3.3 ± 2.4) in MS children. cMetS increased progressively with number of risk components. The cutoff of cMetS yielding maximal sensitivity (80%) and specificity (94%) for predicting the presence of MS was À0.8 (area under the curve ¼ 0.921 (95% CI: 0.877-0.964)). In children with cMetS above À0.8, average PWV (4.3±0.6 m s À1 ), b (3.8±1.2) and Ep (50.4±14.5 kPa) were significantly higher than the respective values (3.7 ± 0.5 m s À1 ; 3.4 ± 0.8; 37.0 ± 10.0 kPa) in children with cMetS below À0.8, whereas AC was lower (1.2 ± 0.5 mm 2 kPa À1 ) in children with cMetS above À0.8 as against AC (1.4±0.3 mm 2 kPa À1 ) in children with cMetS below À0.8 (Po0.05), demonstrating the risk of stiffness with increasing score. Pearson's correlation coefficients of cMetS with PWV (r ¼ 0.575), b (r ¼ 0.347), AC (r ¼ À0.267) and Ep (r ¼ 0.530) were statistically significant (Po0.01). Conclusion: Results demonstrate the usefulness of cMetS over individual MS components as a better tool for assessment of atherosclerotic risk in children.
Introduction
Metabolic syndrome (MS) is defined as co-occurrence of metabolic abnormalities or biomarkers associated with atherosclerosis and insulin resistance, namely, elevated levels of blood pressure, abdominal adiposity, triglycerides and glucose, and a low level of high-density lipoproteincholesterol. 1 In adults, core variables in MS are well defined, whereas there is no universal and uniform definition of MS in children and adolescents. Owing to varying prevalence rates between studies of MS in children, a larger data set is needed to study association among the risk factors; hence, many studies in pediatrics have derived the definition from those used for adults, by adapting cutoff points for each metabolic parameter to children and adolescents. 2, 3 Studies have also shown the components of MS track from childhood to adulthood. 4 In view of the increasing prevalence of obesity and its co-morbidities in children, the screening of metabolically at-risk children is essential for primary prevention of atherosclerosis.
Components of MS are recognized as a risk factor for type 2 diabetes and atherosclerosis. 5, 6 As the rates of obesity, insulin resistance and CVD are rising in children and adolescent populations, 7, 8 it is worthwhile to examine their MS profile.
Epidemiological studies that have focused on cardiometabolic health and risk factors in children and adolescents have used various approaches to calculate the continuous metabolic syndrome score (cMetS). Variables included in the score and statistical approaches used to derive the score vary considerably. Broadly, the variables used are indicators of obesity (body mass index (BMI), waist circumference or skin-fold thickness), lipids (total cholesterol, high-density lipoprotein (HDL), triglyceride or a combination of any two)), glucose or insulin (fasting glucose or homeostatic model assessment (HOMA)), blood pressure (systolic, average of systolic and diastolic or mean arterial pressure) and others (smoking or physical activity). Besides differences in variables, statistical approaches also vary, including principal component analysis, standardized residuals of Z-scores, centile rankings and so on. 4, [9] [10] [11] [12] A lower score is indicative of a better and a higher score of a worse profile. Several authors 10, 13 have derived a cMetS representing a combination of CVD/metabolic risk-factor profile or index (that is, the MS score), which has later been suggested in a joint statement by the American Diabetes Association and the European Association for the Study of Diabetes.
14 Increasing evidence supports using a continuous score instead of a dichotomous approach of MS (that is, risk present or absent), as the ability to show links between exposure factors and dichotomous variable of MS using logistic regression would limit the power of association. 15 Moreover, risk is a progressive function and cannot simply be assumed as present or absent, depending on whether thresholds are exceeded or not. The fact that cardiovascular risk is a progressive function of several MS risk factors, and that the risk increases with increasing numbers of MS risk factors, 14, 16 holds importance in continuous metabolic scoring such that cMetS, which considers all the components irrespective of any two or three combinations, thus attenuates the identification of early risk, especially in children. Metabolic syndrome is known to predispose to endothelial dysfunction, carotid intima-media thickening, and the development of early aortic and coronary arterial fatty streaks and fibrous plaques. 17 The relative importance of occurrence of MS and its association with increased stiffness remained unclear in children. Besides constructing the cMetS, which confers increased risk of MS, another related concern is to assess the association of cMetS with the risk of atherosclerosis, that is, additionally, to find out the optimal cutoff/threshold point of cMetS that evaluates the risk of increased stiffness of artery leading to future atherosclerosis, especially in children. Based on the increased use and utility of the cMetS in pediatric epidemiological research, the purpose of this study was to construct cMetS in Indian children and adolescents and to evaluate the efficacy of this score in predicting the risk of atherosclerosis. In the present study the score is calculated as the sum of residuals (or Z-scores or s.d. scores) from each of the components of the MS as given by Eisenmann et al. 18 The efficacy of this composite score for assessment of MS in Western children and adolescents has been examined scarcely. In the Indian population, prevalence of obesity, diabetes and hypertension is rising, which stresses the need for examining metabolic risk factors in childhood.
Materials and methods
In a cross-sectional study, a total of 236 children and adolescents in the age range of 6-17 years were recruited from routine health checks at Jehangir Hospital in Pune city, India on voluntary basis during 2008-2009. The power of the study for the total sample size was computed to be 0.81 using s.d.s of carotid intima-media thickness, triglycerides and blood pressure from previous available arterial and metabolic measurements in Indian youth. 19, 20 Selection of the participants was based on the following exclusion criteria: Children with Frank type I or II diabetes mellitus and any endocrine disorders other than nutritional obesity were excluded from the study. The research protocol was approved by the Ethics Committee of Hirabai Cowasji Jehangir Medical Research Institute, Pune, India. Clinical examination of all children was performed by a pediatrician to assess their health status. A written informed consent was obtained from the parents and assent was obtained from children before actual commencement of the study.
Anthropometric measures
Height was measured to the nearest 0.1 cm (Leicester Height Meter, Child Growth Foundation, London, UK, range 60-207 cm). Weight was measured on an electronic digital scale to the nearest 0.1 kg (Libra Industries, Mumbai, India). Waist circumference was measured with an inelastic tape to the nearest 0.1 cm measuring at the end of normal expiration from the narrowest point between the lower borders of the rib cage and the iliac crest. Hip circumference was measured as maximal circumference at the level of the trochanters. Waist to hip ratio was computed. BMI was computed using the following formula: BMI ¼ weight (kg)/height (m) 2 .
Biochemical observations
A venous blood sample (8 ml) was collected at 0900 hours from each child after an overnight fast of not more than 12 h using vacutainers (BD, Franklin Lakes, NJ, USA). Samples were immediately brought to the laboratory in ice bags and serum was separated after centrifugation at 2500 r.p.m. for 15 min at room temperature within 2 h of collection. Lipid profile of serum samples was estimated on a Siemens analyzer (Deerfield, IL, USA) (Date Dimension RXL Max) with enzymatic procedures for measurement of cholesterol, triglycerides and HDL. Hemoglobin was estimated using Automated Cell counter (Beckman Coulter, Coulter Corporation, Miami, FL, USA). Glucose concentrations were analyzed enzymatically and serum insulin and apo-lipoprotein-B were measured using a micro-particle enzyme immunoassay kit. The degree of insulin resistance was determined with the use of the HOMA for insulin resistance (HOMA-IR). Scores typically range from 0 to 15, with higher scores indicating greater insulin resistance, and are calculated as the product 
Blood pressure
Blood pressure was measured in the right arm with the child lying down quietly. Measurements were made by auscultation with a mercury-column sphygmomanometer and a cuff appropriately sized for the arm size of the participant. The average of three measurements was used as the final reading. Mean arterial pressure (MAP) was calculated using the following formula: MAP ¼ ((systolic blood pressureÀdiastolic blood pressure)/3 þ diastolic blood pressure).
Carotid arterial measurements
Arterial measurements were carried out at the right carotid artery using a Prosound a-10 equipment (Model SSD-a 10; No. M00542; 2007; Aloka Co. Ltd, Tokyo, Japan) to track the vessel wall motion and automatically construct the diameter change curve in real time by a radiologist. The study participants were made to lie flat with ECG leads attached to the body. The long-axis view of the bilateral common carotid was displayed by a high-frequency linear array probe of range 6.67-13 MHz and change of vessel diameter was measured by e-tracking. The sampling site of e-tracking was first 2.0 cm before bifurcation, while the segment used for the carotid intima-media thickness was 1 cm before the bifurcation below the inferior border of the bilateral carotid sinus. Steering was used whenever necessary for proper alignment of cursors with the arterial wall. At least six waveforms were acquired and five or more were analyzed. Three readings for each participant were taken by a single observer and the best wave forms were considered. The four physiological parameters stiffness (b), elastic modulus (Ep), arterial compliance (AC) and pulse wave velocity (PWV) of the right common carotid artery along with carotid intimamedia thickness were analyzed in the present study.
Metabolic syndrome in children
Children were classified using the definition of MS in children as recommended by Ford et al. 21 They were considered to have MS if they had any of the following three abnormalities: abdominal obesity (waist circumference 490th percentile according to age-sex), hyper-triglyceridemia
, high blood pressure X90th percentile according to age, gender and height, and fasting blood glucose X100 mg dl À1 .
Derivation of cMetS cMetS was computed by first standardizing each cMetS variable (waist circumference, MAP, HOMA, HDL-c, and triglyceride) and by regressing them onto age and gender to account for any age-and sex-related differences. The standardized HDL-c was multiplied by (À1), as it is inversely related to metabolic risk. The standardized residuals (Z-scores) for waist circumference, MAP, HDL-c, triglyceride and HOMA were then added to create the cMetS.
HOMA was chosen instead of glucose, as most of the children possess normal fasting glucose and HOMA gives the measure of insulin resistance. 22 MAP was used as it represents both systolic and diastolic blood pressure. A higher cMetS represents adverse metabolic profile.
Statistical analyses
Analyses were performed using SPSS software for Windows (version 11.0, 2001, SPSS Inc., Chicago, IL, USA). Descriptive statistics for physical and metabolic characteristics were calculated for four groups by the presence of number of MS risk factors (normal, one risk factor, two risk factors and three risk factors). Differences in means among normal children and those with MS risks were tested using one-way ANOVA with post hoc Tukey's test. Linear regression models were used to derive Z-scores for MS components adjusted for age and gender. Pearson's correlation coefficients were computed to explore association between cMetS and stiffness parameters. Receiver operating characteristic (ROC) curve is a plot of the true positive rate (sensitivity) against the false positive rate (1Àspecificity), across a range of values from the diagnostic test. The decision threshold is the criterion value with the highest accuracy that maximizes the sum of the sensitivity and specificity. ROC analysis was utilized to determine cutoff values that minimize the total number of misclassification errors and to provide an evaluation of the global performance of the cMetS to discriminate between those with or without the MS.
Results
General characteristics of children are presented in Table 1 along with the percentage of children having abnormal values with respect to each individual MS risk component. Approximately 35-40% of the children were having high waist circumference, high triglycerides and high blood pressure. Also, around 10-15% had low HDL and high blood sugar. The percentage of children present with obesity as per Cole et al. 23 was 50.4%. There were no significant gender differences in the percentage of children based on number of MS risk factors. When all the children were classified according to the number of MS risk factors, there was a linear trend seen for those with more MS risk factors; all the parameters showed an increasing trend from normal to three-MS risk (Table 2) . Average BMI, waist circumference, waist to hip ratio and percent body fat were significantly higher in children with one, two and three risk factors as against normal children (Po0.05). Among blood parameters, serum triglycerides and insulin in children with one, two
Continuous metabolic syndrome score in children D Pandit et al and three risk factors were significantly raised in comparison with normal (Po0.05), whereas mean levels of total cholesterol, HDL, low-density lipoprotein and glucose were significant only between normal and two-and three-riskfactor children (Po0.05). Mean blood pressure was found to be significantly elevated in all the children with MS risk as compared with normals (Po0.05). Stiffness parameters also showed similar significant trend in one-, two-and three-risk children over normal children (Po0.05). cMetS for each child was obtained by adding the standardized residual Z-scores for each MS component. To study the cardiometabolic risk in obese children as compared with healthy children, average standardized scores of each individual component of cMetS were compared across BMI percentile. Overweight and obese children showed higher scores compared with healthy-weight children (Po0.05), indicating the presence of risk even in overweight children. Total score showed an increasing trend from À3.7 ± 0.2 for normal children to 2.0 ± 0.3 for obese children (Table 3) . Figure 1 shows the graded relationship between cMetS and number of MS risk factors. cMetS is lowest (À3.6 ± 2.0) in children with no risk factors and highest (3.3 ± 2.4) in 3 MS-risk children. Mean cMetS increased progressively with Significant difference between children with one risk factor and children with three risk factors.
f Significant difference between children with two risk factors and children with three risk factors. Continuous metabolic syndrome score in children D Pandit et al number of risk components from 0 risk (À3.6 ± 2.0) to 1 MS-risk (À0.8±2.5), 2 MS-risk (1.3±1.7) and 3 MS-risk (3.3 ± 2.4). To evaluate cMetS, ROC curve analysis was carried out; the cutoff level of cMetS yielding maximal sensitivity and specificity for predicting the presence of MS is À0.8. Area under the curve is 0.921 (0.877-0.964). Sensitivity is 80% and specificity is 94% (Figure 2) . Consequently, these higher sensitivity and specificity values obtained from the threshold point enable correct classification of children above and below the cutoff with respect to the presence and absence of MS risk factors.
Furthermore, to investigate the association of cMetS with the risk of carotid arterial stiffness, differences between average stiffness parameters were tested using the cMetS cutoff. Mean PWV, b and Ep were significantly higher in children with cMetS above À0.8 than in children with cMetS below À0.8, whereas AC was lower in children with cMetS above À0.8 as against children with cMetS below À0.8 (Po0.05) (Table 4) , thus demonstrating the risk of arterial stiffness with higher cMetS. cMetS is significantly correlated with PWV (0.575), b (0.347), AC (À0.267) and Ep (0.530) (Po0.01), which shows the strong association of cMetS with stiffness of the carotid artery.
To illustrate the use of cMetS in evaluating the individual risk, two study cases are described (Table 5 ). Based on clinical diagnosis, case 1 was classified as obese and with metabolic risks; further, cMetS score is higher than the cutoff provided by our study. Thus, using cMetS, the child falls into the CVD risk category; this correlates well with the clinical picture. For comparison, case 2 of a normal child is presented.
Consequently, overall results suggest the utility of cMetS in categorizing children with MS risk, as well as in predicting the risk of atherosclerosis in them.
Discussion
Our study presents construction and evaluation of cMetS in identifying at-risk children and adolescents. As the study cohort was chosen from routine health checks at the hospital, the prevalence of overweight or obese children was higher and so also of MS components. However, this has enabled us to study cardiometabolic risk in obese children as compared with normal-weight children. Our findings clearly Higher area under the curve (91%) suggests that the optimal cutoff is highly accurate and sensitive enough in detecting the presence of MS in children.
To the best of our knowledge, our results give first-hand information regarding the association of cMetS with arterial stiffness in Indian children. cMetS cutoff has adequate sensitivity to identify the risk of arterial stiffness, thus detecting early atherosclerosis in children.
Studies in adults show that the cMetS was higher in adults with MS and it increased progressively with increasing number of adverse risk factors. 24 Similarly, a study also claims that increasing cMetS is associated with a markedly increased age-adjusted risk of developing diabetes in adults. 25 Studies have also documented the association of BMI percentiles and physical activity with cMetS in children. 26 Thus, cMetS possibly can assess the risk of metabolic abnormalities using a more practical approach in contrast with the individual components of MS. A recent study in children also validated the cMetS and identified cutoff using ROC analysis. Our findings agree well with this; however, the range of the cMetS in our data varied from À3.6 to 3.3 for one risk factor to three risk factors, as against the reported range of À1.59 to 7.05. 18 This could possibly be because of the variation in the prevalence of MS risk factors among children. If the number of risk factors is observed to be 43 in a given sample, then the Z-scores are likely to be different. Moreover, cMetS has been calculated using the Z-scores of the individual components of MS, thus deciphering data-specific values. Very few studies in India have described the prevalence of MS in children and adolescents. Prevalence rates vary from 11 to 41% in adults depending on the definition and cutoff used. 27 Misra et al. 28 have reported 28% prevalence of insulin resistance in urban children and adolescents. A continuous variable (such as cMetS) takes into account all the risk components rather than just one single component. cMetS has been calculated on the basis of the assumption that all the components of MS are equally important and responsible in defining the CVD risk. Weighting of each individual variable to the final score is considered equal in the Z-score approach. In contrast to this approach, some studies have reported clustering of MS risk using factor analyses or principle component analyses, where cumulative risk score is generated to identify independent correlates of risk. 19, 29 Reports of previous cross-sectional studies have also suggested the advantage of cMetS as being statistically more sensitive and error proof as compared with binary classification. 9 Thus, the present study has used cMetS to investigate children with risk of atherosclerosis. Our study has shown the association of cMetS with arterial stiffness in children. The association of an individual component with arterial stiffness would not have predicted which risk factor is indicative of atherosclerosis, as in many of the children only one or two risk factors are present. Thus, our findings hold the importance of predicting the risk of atherosclerosis in children using cMetS.
PWV is an accepted and useful index of atherosclerosis, which can be measured both accurately and reproducibly. 30 Increased carotid PWV in children could reflect functional changes in large arteries that occur very early in atherosclerosis. Indeed, the author's previous reports have provided supporting evidence that the development of hypertension is associated with higher PWV in the carotid arteries of children with highest odds. 31 Mean PWV was reported as 4.6 ± 0.5 m s À1 in Australian school-children having higher body fat, 32 which is on par with children with MS in the present study. Our study for the first time demonstrates a significant association of cMetS with PWV, b, Ep and AC. Moreover, our study findings have shown that stiffness parameters are significant across cMetS cutoff, which is indicative of the risk of atherosclerosis in children.
The calculation of cMetS score is based upon Z-scores of various parameters, which may remain data specific and hence in absolute terms it may not exactly tally with a sample from other cities, or populations. Thus, one of the limitations of this score is that it cannot be compared with other studies unless the demographic characteristics, distribution of the data, measures of central tendency and variability are similar in the two samples. However, the lower the cMetS, the lower the metabolic risk, as shown by our results.
Hence, we conclude that assessment of risk of atherosclerosis in children is possible with cMetS in a more pragmatic manner. Using the standardized Z-scores one can calculate cMetS, which is indicative of risk prediction in children. Additionally, the score can be utilized by pediatricians in their clinics, where atherosclerotic investigations are difficult.
